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(54) Components peripheral to the pedestal in the gas flow path within a chemical vapor 
deposition chamber 



(57) A substrate processing chamber, particularly a 
chemical vapor deposition (C VD) chamber used both for 
thermal deposition of a conductive material and a sub- 
sequently performed plasma process. The arrangement 
reduces thermal deposition of the conductive material 
on peripheral portions of the pedestal (140) supporting 
a wafer (142) and in a pumping channel (160) exhaust- 
ing the chamber. A peripheral ring (146) placed on the 
pedestal, preferably also used to center the wafer, Is 



thermally isolated from the pedestal so that its temper- 
ature is kept substantially bwer than that of the wafer. 
Despite its thermal isolation, the peripheral ring is elec- 
tncally connected to the pedestal to prevent arcing. The 
pumping channel is lined with varraus elements (166, 
167, 170, 172) some of whk:h are electrically floating 
and which are designed so that conductive material de- 
posited on these elements do not deleteriously affect a 
plasma generated for processing the wafer. 
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Description 

This invention relates to senniconductor fabrication 
equipment. In particular, the invention relates to compo- 
nents used in a plasma reactor for chemical vapor dep- 
osition (CVD) pertaining to gas flow through and out of 
the reactor chamber. 

Semiconductor integrated circuits are fabricated 
with multiple layers, some of them patterned, of semi- 
conductive, insulating, and conductive materials, as well 
as additional layers providing functions such as bond- 
ing, a migration barrier, and an ohmic contacts. Thin 
films of these various materials are deposited or formed 
in a number of ways, the most important of which In mod- 
ern processing are physical vapor deposition (PVD). al- 
so known as sputtering, and chemical vapor deposition 
(CVD). 

In CVD, a substrate, for example, a silicon wafer, 
which may already have patterned layers of silicon or 
other materials formed thereon, is exposed to a precur- 
sor gas which reacts at the surface of the substrate and 
deposits a product of the reaction on the substrate to 
thereby grow a film thereon. A simple example includes 
the use of silane (SiH4) to deposit silicon with the hydro- 
gen forming a gaseous byproduct which is evacuated 
from the chamber. However, the present application is 
directed more to CVD of a conductive material such as 
TiN. 

This surface reaction can be activated In at least 
two different ways. In a thermal process, the substrate 
is heated to a sufficiently high temperature to provide 
the activation energy for molecules of the precursor gas 
adjacent to the substrate to react there and deposit a 
layer upon the- substrate. In a plasma-enhanced CVD 
process (PECVD), the precursor gas is subjected to a 
sufficiently high field that it forms a plasma. As a result 
the precursor gas is excited into energetic states, such 
as ions or radicals, which readily react on the substrate 
surface to form the desired layered material. 

Zhao et al. describe an example of a CVD deposi- 
tion chamber in U.S. Patent Application Serial No. 
08/348.273 filed on 11/30/94, issue fee paid, expressly 
incorporated herein by reference, and which is assigned 
to a common assignee. This type of CVD chamber is 
available from Applied Materials, Inc. of Santa Clara, 
California as the CVD DxZ chamber. 

As described in this patent and as illustrated in the 
cross sectional side view of FIG. 1 , a CVD reactor cham- 
ber 30 includes a pedestal 32 supporting on a support- 
ing surface 34 a wafer 36 to be deposited by CVD with 
a layer of material. Lift pins 38 are slidable within the 
pedestal 32 but are kept from falling out by conical 
heads on their upper ends. The lower ends of the lift pins 

38 are engageable with a vertk:ally movable lifting ring 

39 and thus can be lifted above the pedestaPs surface 
34. The pedestal 32 is also vertically movable, and in 
cooperation with the lift pins 38 and the lifting ring 39, 
an unillustrated robot blade transfers a wafer into cham- 



ber 30, the lift pins 38 raise the wafer 36 off the robot 
blade, and then the pedestal rises to raise the wafer 36 
off the lift pins 38 onto its supporting surface 34. 

The pedestal 32 then.f urther raises the wafer 36 into 

s close opposition to a gas distribution faceplate 40, often 
referred to as a showerhead, which includes a large 
number of passageways 42 for jetting the process gas 
to the opposed wafer 36. That is, the passageways 42 
guide the process gas into a processing space 56 to- 

10 wards the wafer 36. The process gas is injected into the 
reactor 30 through a central gas inlet 44 in a gas-feed 
cover plate 46 to a first disk-shaped manifold 48 and 
. from thence through passageways 50 in a baffle plate 
52 to a second disk-shaped manifold 54 in back of the 

IS showerhead 40. 

As indicated by the arrows, the process gas jets 
from the holes 42 in the showerhead 40 into the process- 
ing space 56 between the showeriiead 40 and pedestal 
32 so as to react at the surface of the ck>sely spaced 

20 wafer 36. Unreacted process gas and reaction byprod- 
ucts flow radially outwardly to an annular pumping chan- 
nel 60 surrounding the upper periphery of the pedestal 
32. The pumping channel 60 is generally closed but on 
the receiving end includes an annular choke aperture 

2S 62 between the pumping channel 60 and the processing 
space 56 over the wafer 36. The choke aperture 62 is 
formed between an isolator 64, to be described later, set 
in a lid rim 66 and an insulating annular chamber insert 
68 resting on a ledge 70 on the inside of the main cham- 

30 ber body 72. The choke aperture 62 is formed between 
the main chamber and a removable lid attached to the 
chamber so that a fully annular choke aperture 62 can 
be achieved. The choke aperture 62 has a substantially 
smaller width than the depth of the processing space 56 

35 between the showerhead 40 and the wafer 36 and Is 
substantially smaller than the minimum lateral dimen- 
sions of the circumferential pumping channel 60, for ex- 
ample by at least a factor of five. The width of the choke 
aperture 62 is made small enough and its length long 

40 enough so as to create sufficient aerodynamic resist- 
ance at the operating pressure and gas flow so that the 
pressure drop across the choke aperture 62 is substan- 
tially larger than any pressure drops across the radius 
of the wafer 36 or around the circumference of the an- 

45 nular pumping channel 60. In practice. It Is not untypical 
that the choke aperture 62 introduces enough aerody- 
namic impedance that the pressure drop from the mid- 
dle of the wafer 36 to within the pumping channel 60 is 
no more than 10% of the circumferential pressure drop 

so within the pumping channel 60. 

The pumping channel 60 Is connected through a 
constrk:ted exhaust aperture 74 to a pumping plenum 
76, and a valve 78 gates the exhaust through an exhaust 
vent 80 to a vacuum pump 82. The constricted exhaust 

ss aperture 74 performs a function similar to that of the 
choke aperture 62 in introducing an aerodynamic im- 
pedance such that the pressure within the pumpchan- 
nei 60 is substantially constant. 
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The restricted choke and exhaust apertures 62, 74 
create a nearly uniform pressure around the circumfer- 
ential pumping channel 60. The resultant gas distribu- 
tion flow pattern across the vyaf er 36 is shown in arrowed 
lines 84 in FIG. 2. The process gas and its reaction by- 
products flow from the center of the showerhead 40 
across the wafer 36 and the periphery of the pedestal 
32 along radial paths 84 and then through the choke ap- 
erture 62 to the pumping channel 60. The gas then flows 
circumf erentiaily along paths 86 in the pumping channel 
60 to the exhaust aperture 74 and then through the ex- 
haust plenum 76 and the exhaust vent 80 to the vacuum 
pump 82. Because of the restrictions 62, 74, the radial 
flow 84 across the wafer 36 is nearly uniform In the az- 
imuthal direction. 

As shown in FIGS. 1 and 3 (FIG. 3 beinga closeup 
view of the upper right comer of FIG. 1), the ledge 70 in 
the chamber body 72 supports the chamber shield liner 
68, which forms the bottom of the pumping channel 60. 
The chamber lid rim 66 forms the top and part of the 
outside wall of the pumping channel 60 along with part 
of the chamber body 72. The inside upper edge of the 
pumping channel 60 is formed by the isolator ring 64. 
which is made of a ceramic or other electrically insulat- 
ing material which insulates the metallic showerhead 40 
from the chamber body 72. 

The CVD reactor 30 of FIG. 1 can be operated in two 
modes, thermal and plasma-enhanced. In the thermal 
mode, an electrical power source 90 supplies power to 
a resistive heater 92 at the top of the pedestal 32 to 
thereby heat the pedestal 32 and thus the wafer 36 to 
an elevated temperature sufficient to thermally activate 
the CVD deposition reaction. In the plasma-enhanced 
mode, an RF electrical source 94 is passed by a switch 
96 to the metallic showerhead 40, which thus acts as an 
electrode. The showerhead 40 is electrically insulated 
from the lid rim 66 and the main chamber body 72 by 
the annular isolator ring 64. typically formed of an elec- 
trically non-conductive ceramic. The pedestal 32 is con-, 
nected to a biasing element 98 associated with the RF 
source 94 so that RF power is split between the show- 
erhead 40 and the pedestal 32. Sufficient voltage and 
power is applied by the RF source 94 to cause the proc- 
ess gas in the processing region 56 between the show- 
erhead 40 and the pedestal 32 to discharge and to fomi 
a plasma. 

Only recently has it been attempted to used this 
general type of CVD reactor to deposit a film of a con- 
ductive material, such as titanium nitride (TIN), using the 
thermal TDMAT process described by Sandhu et al. in 
U.S. Patent Application. Serial No. 07/898.059. A relat- 
ed plasma process is described by Sandhu et al. in U. 
S. Patent 5.246,881 . The deposition of a conductive ma- 
terial in this chamber has presented some problems that 
are addressed by this invention. 

Titanium nitride is a moderately good electrical con- 
ductor, but in semiconductor processing it Is used pri- 
marily to function as a barrier layer and to assist titanium 
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as a glue layer. This process is often applied to the con- 
tact structure illustrated In the cross-sectional view of 
FIG. 4 in which an oxide layer 100, typically Si02. is de- 
posited to a thicl<ness of about 1 |im over a substrate 

5 102 having a surface of crystalline silicon or polysilicon. 
The oxide layer 100 acts as an inter-level dielectric, but 
to provide electrical contact between levels a contact 
hole 1 04 is etched through the oxide layer 1 00 to be filled 
with a metal such as aluminum. However, in advanced 

10 integrated circuits, the contact hole 1 04 is narrow, often 
less than 0.35^m, and has an aspect ratio of 3 or more. 
Filling such a hole is difficult, but a somewhat standard 
process has been developed in which the hole 104 is 
first conformally ooated with a titanium layer 106, and 

IS the titanium layer 106 Is then conformally coated with a 
titanium nitride layer 108. Thereafter, an aluminum layer 
110 is deposited, usually by physical vapor deposition, 
to fill the contact hole 104 and to provide electrical in- 
terconnection lines on the upper level. The Ti layer 104 

20 provides a glue layer to both the underlying silicon and 
the oxide on the sidewalls. Also, it can be silicided with 
the underlying silicon to form an ohmic contact. The TiN 
layer 106 bonds well to the Tl layer 104, and the alumi- 
num layer 110 wets well to the TiN so that the aluminum 

2S can better fill the contact hole 104 without forming an 
included void. Also, the TiN layer 106 acts as a barrier 
to prevent the aluminum 110 from migrating into the sil- 
icon 102 and affecting its conductivity. In a via structure 
in which the substrate 102 includes an aluminum sur- 

30 face feature, the Ti layer 104 may not be needed. Even 
though the electrical conductivities of titanium and tita- 
nium nitride are not neariy as high as that of aluminum, 
they are sufficiently conductive in thin layers to provide 
a good electrical contact. 

35 Titanium and titanium nitride -can be deposited by 
either CVD or PVO, but CVD enjoys the advantage of 
more easily forming conformal layers in a hole having a 
high aspect ratio. The thermal TDMAT process is such 
a CVD process for conformally <;oating TiN In a narrow 

'40 hole. 

In the TDMAT process, a precursor gas of tetrakis- 
dimethylamido-titanium, Ti(N<CH4)2)4, is injected into 
the chamber through the showerhead 40 at a pressure 
of about 1 to 9Torr while the pedestal 32 holds the sub- 

45 strate 38 at an elevated temperature of about SSO'C or 
higher. Thereby, a conductive and conformal TiN layer 
is deposited on the substrate 36 in aCVD process. The 
TDMAT process is a thermal process not usually relying 
upon plasma excitation of the precursor gas. 

so However, it has been found that the TIN layer initially 
formed by the TDMAT process includes an excessive 
amount of carbon in the form of included polymers which 
degrade its conductivity. Thus, the TDMAT deposition is 
usually followed by a second step of plasma treating the 

55 deposited TiN layer. The TDMAT gas in the chamber is 
replaced by an gas mixture of and N2 in about a 'SO: 
50 ratio at a pressureof 0.5 to lOTorr, and the "Pf power 
source 94 Is switched on to t:reate electric fields be- 
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tween the showerhead 40 and the pedestal 32 sufficient 
to discharge the H2:N2 gas to form a plasma The hy- 
drogen and nitrogen species in the plasma reduce the 
carbonaceous polymer to volatile byproducts which are 
exhausted from the system. The plasma treatment 
thereby removes the carbon to improve the quality of 
the TIN film. 

The plasma treatment process, when performed in 
the same chamber as the thermal CVD deposition, has 
demonstrated some problems with uniformity and repro- 
ducibility. We believe that the problems originate from 
extraneous metal depositions on reactor surfaces af- 
fecting the plasma and producing excess particles with- 
in the chamber. We also believe that the depositions oc- 
cur in two different areas, an area at the top of the ped- 
estal 32 outside of the substrate 36 and an area in and 
around the pumping channel 60. 

A first problem, we believe, relates to extraneous 
metal deposition on the pedestal 32 because exposed 
portions of the pedestal 32 are at a temperature equal 
to and often much greater than that of the wafer 36. As 
shown in the cross-sectional view of FIG. 3, the portion 
of the pedestal 32 which extends beyond the outside 
edge of the wafer 36 is subject to a buildup 1 20 of de- 
posited material from the following mechanism. 

During the thermal phase of the TDMAT process 
during which the conductive TIN is deposited, the heater 
92, shown in FIG. 1, installed in the pedestal 32 heats 
the pedestal 32, and the heat is transferred thence to 
the wafer 36. There are several reasons why the ex- 
posed portion of the pedestal 32 tends to be at a signif- 
icantly higher temperature than that of the wafer 36. The 
showerhead 40 operates at a much lower temperature, 
typically around 100*'C to readily sink heat from op- 
posed elements. On the other hand, the wafer 36 is in- 
completely heat sunk on the pedestal 32 and transmits 
heat conducted to it from the pedestal 32 more pboriy 
than does the directly radiating and more highly ther- 
mally conductive pedestal 32. Also, since the chamber 
is also used for the low-temperature plasma treating 
phase and additional time is consumed transferring wa- 
fers into and out of the chamber, the duty cycle for the 
high-temperature operation is relatively low and it is nec- 
essary to heat the wafer 36 to the required high process- 
ing temperatures. To quickly raise the temperature of the 
wafer 36 to its processing temperature, the temperature 
of the pedestal 32 is raised to a higher temperature than 
that of the wafer 36. For all these reasons, the process- 
ing temperature of the wafer 36 may be set to 360**C 
while the exposed portion of the pedestal tends to be at 
a significantly higher temperature of 425^*0. 

Since the rate of deposition on a surface is propor- 
tional to the temperature of the surface (the higher the 
temperature the more rapid the deposition), the higher 
temperature of the exposed outer edge of the pedestal 
32 causes, as illustrated in FIG. 3, a rapid buildup 120 
of deposited film. As the thickness of the deposited film 
increases over the processing cycles of many wafers. 



deleterious effects may occur. The build up of film thwk- 
ness at the edge may create an artificial perimeter rim 
which prevents the wafer 36 from being in full contact 
with the surface of the pedestal 32, as required for effi- 

5 cient processing. Similarly, once the build up 120 has 
developed past some film thickness of the film, succes- 
sively deposited film layers do not completely adhere to 
the underlying layers. Portions of the film can then form 
particles or fiakes that separate from the pedestal and 

10 float onto the wafer 36 being processed. The particles 
can create defects on the processed wafer. 

A second problem related to extraneous metal dep- 
osition arises in that the conductive TIN film Is also de- 
posited, to a lesser extent because of lower surface tem- 

is peratures. on other surfaces exposed to the process gas 
along its path from the showerhead 40 to and through 
the pumping channel 60 on its way to the chamber vac- 
uum system 82. Figure 5 shows an example of the build- 
up of a metal film 124 over and around the isolator ring 

20 46 that can cause an electrical short between the elec- 
trically biased showerhead 40 and the grounded lid rim 
66. Figure 5 shows only an exaggerated film buildup 1 24 
on the upper surface of the chamber. In reality, the film 
builds up on all surfaces, but the other buildup is not 

2S shown for clarity. 

Another example of extraneous film deposition illus- 
trated in FIG. 6 is the buildup of a conductive film 128 
over the insulating alumina chamber insert 68 to the 
point that it extends across the pumping channel 60 and 

30 contacts the electrically grounded main chamber body 
72. This extraneous deposition 128 thus extends the 
ground potential associated with the chamber body 72 
and the lid rim 66 to the inner, upper edge of the insu- 
lating annular insert 68 closely adjacent the upper pe- 

35 ripheral edge of the pedestal 32. The location and qual- 
ity of plasma in the processing space 56 depends on the 
distance between the powered plasma source elec- 
trodes and surrounding surfaces and the difference be- 
tween their respective electrical potentials. When, dur- 

40 ing a long process run. the chamber Insert 68 effectively 
changes from being disposed as a insulator between the 
chamber body 68 and the plasma to being a grounded 
conductor, the location and quality of the plasma will be 
affected, particularly around the edges of the substrate 

45 36. The distortion of the plasma due to the proximity of 
a closely adjacent electrical ground causes non-uni- 
formity in the plasma, which affects the thickness of the 
film depositbn and its surface properties. 

During plasma processing, variations In uniformity 

so of the plasma will affect the surface uniformity of the film 
produced. Therefore, variations in the intensity of the 
plasma will affect the uniformity of film properties. The 
conductivity, which Is the inverse of the insulating qual- 
ity, of the insulating members surrounding the location 

ss of the plasma changes as a conductive film Is formed 
on their surfaces and as the conductive film forms acon- 
ductive path to adjacent conductive elements at differ- 
ent potentials. This variatton in the conductive quality of 
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the ostensibly insulating elements causes variations in 
the plasma which reduce the process repeatability. 

A third problem related to extraneous metal depo- 
sition arises in that some electrically floating elements 
which are exposed to the plasma will accumulate a 
charge from the plasma. In the instance where these 
charged pieces are close to a grounded or electrically 
powered part, there is always a chance of arcing be- 
tween the floating part and a ground or the electrode. In 
the instance when the wafer is supported on the pedes- 
tal, the wafer may act as a floating element which can 
become charged to cause arcing. Arcing creates parti- 
cles and defects in the substrate. Therefore arcing to 
the wafer should be avoided and the uniformity of the 
envelope for the plasma treating the surface of the sub- 
strate should be held as uniform as possible. 

To avoid these potentially deleterious effects, It is 
common practice to schedule a cleaning or mainte- 
nance cycle involving removal and replacement or 
cleaning of the pedestal before buildup of film can create 
undesired effects. However, this remedy is disadvanta- 
geous. Not only are pedestals expensive, but their re- 
placement or cleaning involves a shut down of expen- 
sive equipment and additional operator time. 

The buildup of unwanted film thickness on either the 
perimeter of the susceptor or across insulating mem- 
bers in the chamber requires they be periodically 
cleaned to prevent short circuiting or unacceptable var- 
iations in the plasma treatment. The buildup of a thick- 
ness of an unwanted film creates a risk of short circuiting 
by causing variations in the intensity and location of the 
electrical fiekis exciting the gas to a plasma state. Also, 
when the risk of conduction or arcing becomes high, a 
cleaning or maintenance cycle is initiated to restore the 
original distribution of the electrical field. Other consum- 
able or maintainable components also require replace- 
ment or cleaning at certain Intervals. Presently the risk 
of conductance and arcing sets the cleaning/mainte- 
nance inten/al. The mean number of wafers between 
cleans could be increased dramatically if the problem of 
film thickness adherence and conductivity across insu- 
lating members to grounded members, as described 
above, could be reduced or eliminated. 

A CVD chamber, schematically illustrated in FIG. 7, 
is similar to that of FIG. 1 except that is radiantly, not 
resistively, heated. It has been applied to the depositk^n 
of conductive materials and where plasma treatment of 
one sort or another was performed in the chamber. In 
this chamber, an argon treatment sputtering gas was en- 
ergized into a plasma 1 30 between a pedestal electrode 
132 and a counter electrode 134. An RF power source 
136 provides RF power to energize the plasma. It was 
found, however, that, if the plasma was to be well con- 
fined in the processing space above the wafer, it was 
necessary to feed the RF power to a nnatching network 
1 38 that selectably split the power between the pedestal 
electrode 132 and the counter electrode 134. It is be- 
lieved that thus splitting the RF power better confines 



the plasma because the plasma with a grounded elec- 
trode tends to spread outside of the area of the wafer 
and to be more affected by the extraneously deposited 
metal layers described above. The matching network 
s 1 38 allowed the RF power split to the pedestal electrode 
132 to be the fraction of 30%, 50%, or 70% of the total 
power. 

It is desired that CVD chambers of the type shown 
in FIG. 1 . which were designed for deposition of dielec- 
10 tries, be adapted to allow them to deposit metallic ma- 
terials. 

Therefore, it is desired that this chamber be im- 
proved to alleviate the problems of plasma instability 
and arcing. It is further desired that the frequency for 

IS routine maintenance and cleaning be reduced. 

This invention extends the mean number of wafers 
between cleans by improving the performance of a sem- 
iconductor substrate processing chamber, for example, 
a chamber for depositing titanium nitride. 

20 The performance is improved by reducing the ten- 
dency of the deposition gas to form an excessive buikJ 
up on the portion of the susceptor extending beyond the 
edge of the substrate being processed. Reducing the 
temperature of a peripheral ring surrounding the outer 

25 edge of the substrate being processed reduces the build 
up. 

The inventran includes a peripheral ring on the sub- 
strate support pedestal which is thermally isolated from 
the pedestal and the substrate being processed. The 

30 peripheral ring includes centering bosses extending _ 
above the ring which assist in centering the sut>strate 
as it is lowered to the surface of the support pedestal. 
The centering bosses provide a series of protruding fea- 
tures extending inward from the inside perimeter edge 

35 of the ring facing the substrate. These protrusions po- 
tentially are the only part of the peripheral ring in contact 
with the substrate, thereby providing a minimum of sur- 
face contact (and potential for conductive heat transfer) 
between the substrate and the peripheral centering ring. 

40 The peripheral centering ring is themnally isolated 
from the pedestal by being supported on pins at only 
three locations around the periphery thereby reducing 
the conductive heat transfer from the pedestal to the pe- 
ripheral centering ring. The thermal isolation from the 

45 pedestal is further achieved by providing a series of iso- 
lator rings or radiation shields (for example, two) which 
are attached to the bottom side of the peripheral ring. 
The radiation shields act as barriers to prevent the direct 
transmission of thermal radiation from the pedestal to 

so the peripheral centering ring. The lower temperature of 
the peripheral ring as a result of this themnal isolatksn 
causes a tower rate of vapor film deposition on its sur- 
face and increases the mean number of wafers between 
cleaning cycles for the processing chamber. The sepa- 

ss rate peripheral ring can easilybe removed and replac d 
during a maintenance cycle of the processing chamber. 

The peripheral ring being thermally isolated from 
the pedestal is subject to a bulk) up of statk: charge 
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which can result in arcing to and from the wafer and/or 
other adjacent surfaces. The invention includes a 
grounding strap between the peripheral ring and the 
pedestal to eliminate arcing between the peripheral ring 
and the substrate or other adjacent surfaces. The s 
ground strap is flexible and is mounted in a recessed 
slot on the perimeter of the susceptor such that the 
ground strap does not provide a protrusion which ex- 
tends beyond the normal nominal perimeter of the sus- 
ceptor. 

Performance is also improved by reducing and 
nearly eliminating the likelihood that a continuous con- 
ductive film will be formed across insulating elements 
within the chamber. A continuous choke gap is created 
In and between adjacent elements having different elec- is 
trical potentials across which a conductive film might 
create a change in insulating properties. 

An isolating member (ring) in the lid of the process- 
ing chamber, includes a series of continuous choke gap 
surface features (grooves) which prevent the formation 20 
of continuous conductive film on the surface of the iso- 
lation member. The film formed on the surface is not 
continuous and therefore does not provide a conductive 
path from the gas distribution faceplate/electrode to 
ground. Electrical or charge conduction and/or leakage 25 
to ground will eliminate or reduce the electrical field 
needed to form a uniform plasma and to provide uniform 
processing of substrates through consecutive process- 
ing cycles. _ 

To reduce the possibility of grounding of the metal 30 
shield surrounding the plasma region, a (second) con- 
tinuous choke gap is created around the processing 
chamber between a second shield element and the 
chamber body. While still susceptible to having conduc- 
tive films being formed therein, the width and depth of 
the gap prevents the surface film from forming a con- 
ductive bridge or connection across the gap or within 
the gap. 

Performance is further improved by providing an 
electrically floating conductive element surrounding the 40 
plasma location to stabilize the edge of the plasma en- 
velope. In one instance a metal shield, which is electri- 
cally floating, lines a portion of a wall of the substrate 
processing chamber. The shield becomes coated during 
vapor deposition, but process stability is maintained be- ^5 
cause the shield Is electrically isolated from surrounding 
conductive elements. The shield provkjes a barrier to 
passage of the plasma. The static charge on the con- 
ductive (metal) shield is uniformly distributed across it 
and as a result the edge of the plasma envelope is sta- 
bilized. 

Another improvement involves using RF power pro- 
vided exclusively to the upper electrode (the gas distri- 
bution plate) while the lower electrode (susceptor) is 
grounded. This 100% to 0% power splitting proves an ss 
Improvement in the uniform properties of film in a cham- 
ber performing a TiN film deposition. 

The invention includes a method of isolating a pe- 



ripheral ring in a susceptor extending beyond the edge 
of the substrate, including steps of providing a series of 
support point features from the top of the susceptor and 
providing a radiation shield ring shielding a portion of 
the peripheral ring from direct exposure to the suscep- 
tor. Another method includes the steps of providing a 
grounding strap that is electrically connected to the pe- 
ripheral ring and removably attaching a portion of the 
grounding strap to the susceptor. Another method of the 
invention includes the steps of providing an isolator ring 
exposed at least on one side to the atmosphere of the 
processing chamber between an RF powered electrode 
and an electrically conductive element having an elec- 
trical potential different from the RF powered electrode, 
and providing a continuous choke gap in the surface of 
the isolator member facing the atmosphere of the 
processing chamber. Another feature of the invention in- 
cludes a method including the steps of providing a shield 
supported by an insulating member within the process 
chamber and providing a clearance between the inner 
shield member and a grounded surface such that a film 
forming on the surface will not bridge the gap to provide 
conductivity. 

The invention also includes a method of provkJing 
power to a TiN vapor deposition chamber including the 
steps of connecting an electrode gas distribution plate 
to a power source and connecting a susceptor opposite 
the electrode gas distrlbutksn plate to the electrode to a 
ground potential. 

This invention provkJes improvements which re- 
duce the chance of arcing between floating charged el- 
ements in the processing chamber adjacent to the loca- 
tion where plasma is formed, reduce the temperature of 
the peripheral ring to avoid excessive depositk^n on the 
part of the susceptor outside the substrate, provides a 
constant potential across the substrate to eliminate arc- 
ing between its peripheral/centering ring and the sus- 
ceptor and eliminates or substantially reduces the like- 
lihood that any film formed by the vapor deposition on 
the chamber walls will result In a short circuit connectton 
between the RF electrode and a chamber body or lid. 
The invention also includes the positioning of a metal 
(uniform electrk:al potential distribution ring) around the 
region of the plasma to contain the plasma and help 
keep it stable with a relatively constant \on potential 
across the wafer 

The following is a description of some specific em- 
bodiments of the invention, relevance being made to dfie 
accompanying drawings in which: - 

FIG. 1 is a cross-sectional view of a prior-art CVD 
processing chamber. 

FIG. 2 is a cross-sectk>nal view of FIG. 1 taken at 
2-2 showing the gas fk)w distribution across the sub- 
strate being processed and the gas flow in the pumping 
channel. 

FIG. 3 is an schematk:at closeup view of the upper 
right hand corner of the chamber as shown in FIG, 1. 
FIG. 4 is a cross-sectional view of an integrated- 
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circuit structure which the apparatus of the lnvention<:an 
be used to malce. 

FIG. 5 is a copy of FIG. 3 showing a conductive film 
formed on the upper surfaces of the chamber. 

FIG. 6 is a copy of FIG. 3 showing a film deposited 
on the pumping channel protruding into the area ex- 
posed to plasma in the chambers. 

FIG. 7 shows the power splitting energization for pri- 
or art TIN chambers. 

FIG. 8 is a cross-sectional of a processing chamber 
according to the invention. 

FIG. 9 is a schematical cross section of the process- 
ing chamber of FIG. 8 shovying the interrelationship be- 
tween the electrical potentials of the structures accord- 
ing to the invention and emphasizing other features. 

FIG. 10 is an enlarged view of the upper right hand 
corner of FIGS. 8 and 9. 

FIG. 11 is a perspective cutaway view of the cross 
section of FIG. 8 showing the interrelationship of various 
structures of the invention. 

FIG. 12 copies FIG. 10 and shows the build up of a 
conductive film around a pumping channel liner of the 
invention. 

FIG. 1 3 copies FIG. 10 and shows the build up of a 
conductive film on the novel isolator ring of the invention 
as would occur from gas traveling from the gas distribu- 
tion faceplate to the vacuum evacuation system through 
the pumping channel. 

FIG. 14 is a top view of a circular substrate located 
in a centering ring of a susceptor according to the Inven- 
tion. 

FIG. 15 shows a partially sectioned perspective 
view of a centering boss as part of the centering ring 
according to the invention. 

FIG. 16 shows a closeup plan view of a section of 
the centering ring with a substrate in position taken at 
the closeup identified as 16-16 In FIG. 14: 

FIG. 17 is sImilartoFlG. 1 5 but shows a wafer which 
has been centered by the boss on the centering ring. 

FIG. 18 is a partially sectioned perspective view 
showing the centering ring. Its pin support, and its ther- 
mally insulating rings taken at 18-18 in FIG. 14. 

FIG. 1 9 a partially sectioned perspective view of the 
centering ring (without the substrate present) showing 
the fastener for the thermally insulating rings taken at 
19-19 of FIG. 14. 

FIG. 20 is a partially sectioned exploded perspec- 
tive view of FIG. 14 taken at 20-20 showing the ground- 
ing strap of the centering ring with the centering ring 
shown separated from the pedestal. 

FIG. 21 shows a schematic diagram of an RF power 
supply to generate plasma in the processing chamber 
according to the invention. 

Figure 8 shows a cross section of a processing 
chamber according to a first aspect of the inventk)h. A 
pedestal 140 supports a wafer 142 on its upper surface 
144. Gas entering the process gas inlet 44 is distributed 
in the lower manifold 54 and passes into the processing 
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region chamber through the nozzles 42 in the shower- 
head 40. The process gas then flows as shown in FIG. 
2 radially outwardly across the edge of the wafer 142, 
across a peripheral centering ring 146, shown in FIG. 8. 

s disposed in an annular ledge 1 48 recessed in the upper 
periphery of the pedestal 140. From thence, the process 
gas flows through a choke aperture 1 50 formed between 
the bottom of a modified annular isolator 152 and the 
top of a modified chamber wall insert 154 and Into a 

10 modified pumping channel 160. The chamber wall insert 
154 is shown to have a scalable passageway 156 
through it and through the main chamber body 72 for an 
unillustrated robot blade to transfer wafers into and out 
of the reactor. 

IS The gas, once it enters the pumping <:hannel I'eo, 
is routed around the perimeter of the process chamber, 
similarly to the prior-art pumping channel 60 as shown 
in FIGS. 1 and 2, to be evacuated by the vacuum pump- 
ing system 82 connected to the process chamber. 

20 The same general chamber is illustrated in FKa. 9 
with different aspects of the invention being empha- 
sized. The blown up cross section of FKa. 10 Includes 
inventive aspects of both FIGS. 8 and 9. 

The generally illustrated chamber insert 154 in- 

25 eludes an L-shaped insulating ceramic ring 164 resting 
on the inside ledge 70 of the mainchamber body 72 and 
also includes an annular or band shield 166 resting on 
an inside ledge 168 of the L-shaped ring 164 and spaced 
from the pedestal 140 and the centering ring 146 by a 

30 small gap. Ceramic chamber liners of themselves are 
well known, for example, as described by Robertson et 
al. in U.S. Patent 5,366,585. The band shield 166 is pref- 
erably made of a metal, such as aluminum, and extends 
vertically upwardly substantially above the top of the L- 

35 shaped ceramic ring 164 and to a lesser extent above 
the supporting surface 144 of the pedestal 140. 

The annular pumping channel t60 has sides gen- 
erally defined by the baruJ shield 166, the L-shaped ring 
164. liners 170, 172 placed in front of the main chamber 

40 body 72 and the lid rim 66. and the isolator 1 52, with the 
choke aperture 150 being formed between the isolator 
152 and the band shield 166. However, the Ikl liner 170 
is placed on the side of the pumpingchannel 160 facing 
the lid rim 66 and conforms to its shape. The chamber 

4S liner 172 is placed on the side of the pumping channel 
160 facing the main chamber body 72. Both liners 1 70, 
172 are preferably made of a metal, such as aluminum, 
and are bead blasted to increase the adhesion of any 
film deposited thereon. The lid liner 170 is detachably 

so fixed to the lid rim 66 by a number of pins 174 and is 
electrcally grounded to the lid rim 66. However, the 
chamber liner 172 is supported on a ledge 176 formed 
on the outer top of the L-shaped ceramic ring 164 and 
is precisely formed to have a diameter such that a radial 

ss gap 1 78 is formed between the chamber liner 1 72 and 
the main chamber body 72, and an axial gap 180 is 
formed t>etween the lid and chamber lirrers 170, 172. 
That is, the chamber liner 172 is electrk:aily floating. 
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The band shield 166 and the lid and chamber liners 
170, 172 are sized as a set. The band shield 166 is an- 
nular having a major diameter d^ about the center of 
pedestal 1 40. The chamber liner 1 72 is also annular and 
in the shape of a band extending axially along the cen- 
terline of the pedestal 1 40 and with a major diameter 62 
greater than d,. The lid liner 1 70 is also annular and has 
an L-shape with the long, leg extending radially from d^ 
to 62 ^ ^^^^ extending axially at 62. 

A partially sectioned, perspective view is given in 
FIG. 11 of the pedestal 140, centering ring 146. and the 
liners 170, 172 and shields 152, 166 surrounding the 
pumping channel 1 60. This figure clearly shows the flow 
of processing gas out of the nozzles 42 of the shower- 
head 40 towards the wafer 142 and the subsequent ra- 
dially outward flow 84 over the wafer 142 and then the 
centering ring 1 46. Thereafter, the gas flows is deflected 
upwardly over the top of the band shield 166 into the 
pumping channel 160. and in the pumping channel 1 60 
it flows along a circumferential path 86 towards the vac- 
uum pump. 

The discussion of the pumping channel will be com- 
pleted before the centering ring is again discussed. 

As most clearly shown In FIG. 10, the pumping 
channel 160 and its components are designed to mini- 
mize the effect of any deposited conductive film upon 
the excitation of a plasma in and near the processing 
space 56. 

Since the band shield 166 rises above the level of 
the wafer 142 and of most of the gas flowing over it, a 
dead space 184 is created in the flow pattern at the bot- 
tom of the pumping channel 160 adjacent to a top 186 
of the L-shaped ring 164 where it meets the band shield 
166. As a result, even though metal may deposit on the 
upper portion of the band shield 1 66, the dead space 
1 84 ensures that a significant thickness of metal will not 
deposit around the backside of the band shield 1 66. and 
in particular an insufficient amount of metal will deposit 
to bridge a gap 1 88 formed between the band shield 1 66 
and the top 186 of the L-shaped insulating ring 164. As 
a result, the band shield 166, even though conducting, 
remains electrically floating with respect to the pedestal 
140 and the main chamber body 72. The band shield 
166 has rounded ends 167 to reduce the possibility of 
arcing. 

As is shown in FIG. 12, it is possible for the process 
gas to flow along a path 1 90 in the pumping channel 1 60 
through the axial gap 180 at the top of the chamber liner 
172 and then deposit a conductive film 192 in the axial 
gap 1 80 and in the radial gap 1 78 on the backside of the 
chamber liner 172. Since both gaps 178, 180 are dead 
space, It is unlikely that enough thk:kness would deposit 
to bridge either gap 178, 180, and, even if it would, any 
short across the gap would only ground the chamber 
liner 172. Another extraneous film in the pumping chan- 
nel 160 would be required to bring the ground from the 
main chamber body 72 close enough to the processing 
space 56 to significantly affect the plasma fields. Very 



little, if any, gas will progress down to the bottom end of 
the radial gap 178 where deposition, if it occurs, might 
create a bridge between the chamber liner 172 and the 
main chamber body 72. However, because the chamber 

s liner 172 is mounted on an outside ledge 176 of the in- 
sulating L-shaped ring 164. a conductive film would 
have to fill the gap between the L-shaped ring 164 and 
the main the chamber body 72 for the ground of the main 
chamber body 72 to extend to the band shield 90. 

10 As shown in FIG. 1 3. an extraneous conductive film 
1 20 deposited on the insulating ceramic Isolator 152 on 
surfaces in and near the pumping channel 160 has the 
potential of extending the grounding plane of the lid rim 
66 to the area adjacent to the biased showerhead 140 

IS to significantly perturb the plasma electric fields and per- 
haps even to short the biased showerhead 140 across 
the isolator 152 to the chamber lid rim 66. However, as 
shown moreclearly in FIG. 10, the L-shaped isolator 152 
Is formed on the outer side of the lower part of its de- 

20 pending inner skirt 203 with two deep annular grooves 
205, 207 having widths sufficient to ensure that the de- 
posited film 120 will not bridge the grooves 205, 207. 
Also, the grooves 205, 207 are deep enough that a dead 
space occurs at their bottom so that, even though some 

25 deposition is inevitable, It does not form a confinuous 
film on the interior surfaces of the grooves 205, 207. In 
addition, the openings of the grooves 205, 207 Into the 
pumping channel 190 are generally rounded to prevent 
arcing from any built up conductive film. As exemplary 

30 dimensions, the grooves 205, 207 may have a width of 
40 to 80 mils (l-2mm) and a depth of 100 to 175 mils 
(2,5-4.6mm) in the case that the isolator 1 52 has a width 
in the skirt 203 of 200 to 400 mils (5-1 0mm). With this 
structure, even if the extraneous film 120. as illustrated 

35 in FIG. 1 3, does deposit on the isolator 1 52, it does not 
form a continuous conductive film. Thereby, neither is 
the showertiead 140 shorted out nor is an extraneous 
grounding plane established adjacent to the shower- 
head 140. 

40 The lid liner 170, as illustrated in FIG. 10, is metallic 
and is both thermally and electrrcally connected to the 
lid rim 66, effectively forming an extension of it. and be- 
cause of its remote location does not easily affect the 
plasma in the processing region 56. Any metal deposit- 

45 ing on the lid liner 170 will not further affect the plasma 
as long as the metal does not extend over the isolator 
ring 152. In any case, the lid liner 170 Is easily renrK)ved 
by means of the fastener 174 when it becomes exces- 
sively coated. 

50 The discussion will now turn to the centering ring. 

The centering ring 146 performs two functkjns. It 
acts to precisely center the wafer 142 on the pedestal 
140, the wafer 142 having been transferred into the 
chamber and onto the pedestal 140 by a robot blade 

55 moving through the access passageway 156 of FIG. 8. 
This function blends with a retaining functran in whk:h 
the peripheral ring 146 acts as a retaining ring to hold 
the wafer 142 within Its opening. Additionally, thecenter- 
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jng ring 146 acts as a thermai blanket for the portion of 
the pedestal 1 40 exposed outside of the wafer 1 42. Spe- 
cifically, its thermal characteristics are designed in view 
of the intended process so that the centering ring 148 
thermally floats relative to the heated pedestal 140 and 
remains relatively cool compared to the wafer 142 and 
significantly cooler than the underlying pedestal 140, 
and thus little material is deposited on it during thermai 
CVD processing. 

The centering function and the structure used to 
achieve it will be explained first. 

The centering ring 146, as illustrated in plan view in 
FIG. 14 and In. a sectioned perspective view In FIG. 15, 
includes an flat annular upper surface 190 and inside 
and below this surface 190 an annular ledge 192, which 
is sized so as to closely face the wafer 142 with a thin 
gap between it and the wafer 1 42 so as to provide ther- 
mal insulation but to nonetheless create a barrier to gas 
flow. The wafer 142 shown in FIG. 14 is substantially 
circular, as is the centering ring 1 46. However, if the wa- 
fer is formed with a large alignment fiat on one edge, the 
Inside of the centering ring 1 46 should be shaped to con- 
form to the flat. As shown in FIG. 1 5, step wall 1 94 rises 
from the ledge 1 92 to the flat upper surface 1 90 of the 
centering ring 146. The height of the step wall 194 
equals or Is somewhat more than the thickness of the 
wafer 1 42 so that the top surface of the wafer 1 42 sup- 
ported on or cantilevered slightly above the surface of 
the ledge 1 92 is even with the upper surface 1 90 of the 
centering ring. 

A series of six centering bosses 200, also shown in 
expanded plan view of FIG. 16, are equally distributed 
at 60* intervals about the centering ring 1 46 with respect 
to a center 201 of the pedestal 1 40 to which the center- 
ing ring 146 is also concentric. The centering bosses 
200 rise from the ledge 1 92 but only partially protrude 
from the step wall 194. The bosses include a cylindrical 
base 202 and a truncated cone 204 above it, the sepa- 
ration line 203 being somewhat below the planar upper 
surface 1 90 of the centering ring so that the truncated 
cone 204 projects above the planar upper surface 190. 
Even though the centering boss is defined in these sim- 
ple geometric terms, both the convex and concave cor- 
ners of the boss 200 are smoothed to reduce any arcing 
or chipping of the wafer. Related centering pins though 
mounted in the pedestal have been disclosed by Lei et 
al. in U.S. Patent 5,516,367. 

The centering ring 1 46 is supported on the pedestal 
1 40 by mechanical means to be described later. When 
the robot blade transfers a wafer 142 into the chamber, 
both the pedestal 1 40 and the lift ring 39 of FIGS. 1 and 
8 are lowered out of the way The lift ring 39 then rises 
to raise the lift pins 38 out of the pedestal 140 to a suf- 
ficient height that their conical heads slightly lift the wa- 
fer 142 off the robot blade. The robot blade Is then with- 
drawn, and the pedestal 1 40 and attached centering ring 
1 46 are raised so that the lift pins 38 supporting the wa- 
fer 142 effectively retract toward the supporting surface 



144 of the pedestal 140. 

However, if the wafer 142 is not precisely centered 
with respect to the pedestal center 201 , as it approaches 
the pedestal 140 it will first encounter one or two of the 

s centering bosses 200 on their conical tops 204. The ta- 
pered surfaces of the conical tops 204 will exert suffi- 
cient lateral force on the wafer 1 42 that it will slide to- 
wards the center 201 of the pedestal 1 40. thus centering 
the wafer 142. The wafer 142. upon being further low- 

10 ered relative to the pedestal 140 will be located, as il- 
lustrated in the partially sectioned perspective view of 
FIG. 17. in acentered position inside the cylindrical bas- 
es 202 of all the centering bosses 200. 

The wafer 1 42 is thermally isolated from the center- 

15 ing ring 146 as much as possible. Because the cylindri- 
cal bases 202 of the bosses 200 only partially protrude 
into the area of the ledge 1 92, a gap 206, shown in'FKB. 
17, is formed between the beveled edge of the wafer 
1 42 and the step wall 1 94 of the centering ring. Also, the 

20 locus of the extreme radially inward positions of the cy- 
lindrical bases 202 of the bosses 200 is sized to be 
slightly larger than the diameter of the wafer 142, such 
that a thin gap 208 is designed to exist between the wa- 
fer edge and the cylindrical bases 202. However, b - 

25 cause of thecentering action for a misaligned wafer, the 
wafer 1 42 may contact one or two of the centering boss- 
es 200. Nonetheless, any resultant contact is a thin ver- 
tical line where the cylindrical wafer 142 contacts the 
cylindrical boss base 202 so as to minimize conductive 

30 heat transfer. 

The wafer 142 during CVD processing is gravita- 
tionally supported on the pedestal 140, but the height of 
the upper surface of the ledge 194 of thecentering ring 
146 is tightly controlled so that it is slightly below the 

35 effective supporting surface 1 44 of the pedestal 1 40 and 
the wafer edge Is cantilevered over the upper surface of 
the ledge 1 92 with a thin gap between. The gap between 
the wafer edge and the ledge 1 92 is large enough at the 
operational deposition pressures to provide good ther- 

40 mal isolation, but is small enough and long erKDugh to 
present sufficient aerodynamk: resistance to prevent 
flow of deposition gas to the backside of the wafer. Also, 
the gap is thin enough to prevent a plasma from entering 
the gap and producing arcing. 

45 As a result of the folkDwing structure, the centering 
ring 1 46 is not only thermally isolated from the wafer 1 42 
but is also thermally isolated from the pedestal 140. 

Thermal isolation of the centering ring 146 from the 
pedestal 1 40 is achieved in two ways. The centering ring 

so is preferably composed of aluminum or nickel-coated 
stainless steel. As best shown in the perspective view 
of FIG. 18, the centering ring 146 is supported above 
the peripheral ledge 148 of the pedestal 140 by three 
evenly spaced support pins 210 fixed into the ledge 1 48 

ss of the pedestal 140 and projecting upwardly therefrom 
by a precise height. The support pins 210 effectively 
present point contacts between the pedestal 140 and 
the centering ring 148 because of their very small-cFOSS 
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section compared to the area of the centering ring 146. 
The support pins 210 are preferably made of ceramic or 
a metal having a low thermal conductivity, such as stain- 
less steel. Both the small size of the support pines 210 
and their low thermal conductivity minimize the conduc- 
tion of heat between the pedestal 140 and the centering 
ring 146. The support pins 210 loosely fit into respective 
radial slots 21 2 extending from a bottom of an outer an- 
nular base 21 4 of the centering ring 1 46 and support the 
centering ring 146 at a precisely set height above the 
pedestal's ledge 1 48. The radially elongate shape of the 
slots 212 allows for differential thermal expansion be- 
tween the centering ring 146 and the pedestal 140. 

Radiative and convective thermal transfer between 
the bottom of the centering ring 142 and the pedestal Is 
minimized by a stack of thermally insulating rings 216, 
218 spaced between a bottom surface of an inwardly 
projecting rim 220 of the centering ring 146 and the 
ledge 148 of the pedestal 140. The thermally insulating 
rings 216, 21 8 are preferably formed of ceramic or other 
material of low thermal conductivity, such as stainless 
steel, to reduce the conductive transfer of heat there- 
through. 

As illustrated in the cutaway perspective view of 
FIG. 1 9, the thermally insulating rings 21 6, 218 are fixed 
to the bottom of the projecting rim 220 of the centering 
ring 146 by a series of fasteners 224, such as screws 
or rivets, arranged on the centering ring 146, as shown 
in the plan view of FIG. 14. The fasteners 224 are posi- 
tioned so that gaps are formed between the pair of rings 
216, 218 and both the base 214 of the centering ring 
146 and the ledge 148 of the pedestal 140. Conical 
heads 225 of the screw fasteners 224 are recessed In 
counter sinks 226 at the bottom of the bottom ring 218 
so as to present a smooth surface. The two rings 216. 
218 are separated from each other and from the project- 
ing rim 220 of the centering ring 146 by either thermally 
insulating spacers 227 or by spacing bumps 228, shown 
in FIG, 20, to form a gap 229 between the rings 216. 
218 as well as a gap 229 A between the rings and the 
projection 220 of the centering ring 146. These various 
gaps further cause the rings 216. 218 to themially float 
so as to more effectively themiaily separate the center- 
ing ring 1 46 from the pedestal 1 40. Two such rings have 
been shown to reduce the radiative thermal transfer by 
65%; three rings, by 75%. 

These different thermal isolation means have been 
tested in a prototype reactor during normal CVD 
processing of the type described before. In these tests, 
the temperature of the pedestal 140 was measured to 
be 430'C. the temperature of the wafer 1 42 to be 360»C. 
but the temperature of the centering ring 146 to be only 
290**C. At 360*0, satisfactory thermal deposition of TiN 
is achieved on the wafer 1 42, but at 290*C little or none 
of the same material deposits on the centering ring 1 46. 
These temperature differentials are driven by a shower- 
head 46 that remains at about 100*C as well as by other 
thermal leakages to the side. 



The many means used to thermally isolate the 
centering ring 146 also tend to electrically isolate it. As 
a result, it tends to become electrically charged in the 
presence of a plasma in the processing space 56. Such 

s electrk:al charging needs to be avoided because it can 
produce arcing between the centering ring 146 and the 
wafer 142. causing direct damage to the wafer. Arcing 
to any other point produces particles which are apt to 
settle on the wafer and produce defects. Thus, it is de- 

10 sired that the centering ring 146 and the pedestal 142 
be held to the same electrical potential. 

One structure to fix the potential of the centering 
ring 146 to that of pedestal 140 is a thin, solid, flexible 
grounding strap 230 illustrated in the cutaway perspec- 

15 tive view of FIG. 20. The grounding strap 230 is com- 
posed of a thin tab 232 of an electrically conductive and 
mechanically soft metal, such as aluminum, which is 
permanently joined to the base 21 4 of the centering ring 
146 by a weld 234. The thickness of the metal tab 232 

20 Is thin enough so that it conducts little heat and does not 
mechanically support the centering ring 146. 

The pedestal 140 is formed on its periphery with a 
shallow, axially extending slot 236 with a deeper slot 
section 238 being formed at its bottom. The tab 232 is 

25 bent at its bottom into a Z-shaped section 238 such that 
the upper part of the tab 232 fits into the shallow slot 
236 and the Z-shaped section 238 fits into the deeper 
slot section 238. A hole 242 formed in the very bottom 
of the tab 232 passes a screw 244, which is then thread- 

30 ed into a corresponding hole In the pedestal 1 40 within 
the deeper slot section 238, thus completing the electri- 
cal grounding. The shallow slot 236 encompasses both 
the tab. 232 and the head of the screw 244 so as to main- 
tain a nominal perimeter outline 246 of the pedestal 1 40. 

35 Also, the shallow slot 236 and the ground strap 230 are 
configured such that any differential motion due to tem- 
perature differences between the pedestal 140 and the 
centering ring 146 are accomnxxlated without interfer- 
ence between the pieces while electrical continuity is 

40 maintained between the centering ring 1 46 and the ped- 
estal 140. 

Figure 21 shows a configuration according to the 
present invention of the RF power supply to be com- 
pared to that of FIG. 7. Here, there is no power splitting 

45 during the plasma treatment used in conjunction with the 
thermal TDMAT deposition of TiN. Instead, the pedestal 
electrode 132 is nnaintained at a ground potential, and 
only the upper electrode 134 is powered by an RF gen- 
erator 250 with a fixed matching circuit 252. The liners 

50 used in the pumping channel and the grounded center- 
ing ring of the invention sufficiently stabilize the plasma 
254 that the power splitting between the electrodes 1 32, 
1 34 as required before is no longer necessary. It is pre- 
ferred that no bias be applied to the pedestal 132 sup- 

55 porting the electrode since any RF bias tends to electri- 
cally charge the wafer and to induce it to discharge to 
adjacent points, thus causing direct damage or parti- 
cles. 
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The pumping chamber liners and the centering ring 
of the invention can be easily replaced with new or re- 
furbished components whenever films, particularly con- 
ductive films, inevitably build up on them. However, test- 
ing in a realistic operating environment has shown that 
even after 3000 wafers, the novel design has minimized 
the deposition to the point that they do not need to be 
replaced. Thus, some relatively simple improvements to 
the equipment peripheral to the pedestal, all within the 
confines of the existing chamber of FIG, 1 , substantially 
reduce downtime of the CVD system while providing su- 
perior plasma conditions. 

Although the invention been described with respect 
to a thermal CVD of TiN followed by a plasma treatment, 
the invention is obviously applicable to any process in 
which the same chamber is used for a thermal metal 
deposition and another plasma process. For example, 
the titanium layer 104 can be deposited by a plasma 
process using T1CI4 as the precursor and using the ther- 
mal TDMAT process for the TiN layer. Also, the process 
can be advantageously applied to CVD of conductive 
metal oxides, . such as perovskites including lanthanum 
oxide. The combination of deposition of conductive met- 
als and a plasma step would still present the potential 
problems of a thermal process depositing extraneous 
metal layers which could affect the plasma process. The 
invention is of course applicable to many other types of 
metal CVD processes and should be useful In dielectric 
CVD and other plasma applications as well. 

While the invention has been described to specific 
embodiments, those skilled in the art will recognize that 
changes can be made in form and detail without depart- 
ing from the sphere and scope of the Invention. 

Claims 

1. A plasma reactor comprising: 

a main processing chamber including a pedes- 
tal for supporting a substrate thereon; 
a source of processing gas disposed above 
said pedestal; 

a pumping channel surrounding a periphery of 
said main processing chamber and connected 
thereto by a passageway and connectable to a 
vacuum pumping system; and 
at least one removable liner placed on walls of 
said pumping channel, 

2. A plasma reactor as claimed in claim 1, wherein 
said passageway presents a choke point for said 
processing gas flowing from said main processing 
chamber into said pumping channel. 

3. A plasma reactor as claimed In claim 1 or claim 2. 
wherein said passageway is formed between a 
main chamber body of saki reactor and a IkJ of said 



reactor so that saki passageway is substantially 
continuous. 

4. A plasma reactor as clainr^ed in claim 3, wherein 
s said lid includes a bistable electrode opposed to 

said pedestal and further comprising an isolator 
member surrounding said bistable electrode for 
electrically insulating it from said main chamber 
body, said isolator member forming a portion of a 
10 wall of said pumping channel and Including grooves 
formed therein and facing sakJ pumping channel. 

5. A plasma reactor as claimed in any of claims 1 to 

4, wherein at least one of said removable liners is 
IS electrically floating. 

6. A plasma reactor as claimed in any of claims 1 to 

5, wherein said at least one removable liner is 
formed in a metal. 

20 

7. A substrate processing reactor, comprising: 

a reaction chamber including therein a pedestal 
for support a substrate to be processed; 
2S a source of gas disposed over said pedestal; 

an exhaust vent disposed around said pedestal 
on skies of said chamber; and 
a peripheral member supported on sakj pedes- 
tal and thermally floating from said pedestal. 

30 

8. A reactor as claimed in claim 7. wherein said pe- 
ripheral member Is supported on sakj pedestal by 
a number of point contacts. 

35 9. A reactor as claimed In claim 8. wherein said 
number is three. 

10. A peactor as-claimed in claim 8 or claim 9, wherein 
sakl point contacts comprise pins fixed in said ped- 

40 €stal and floatingly supportingsakl peripheral mem- 
ber. 

11. A reactor as clalnr»ed in claim 10. wherein said pe- 
ripheral member includes radial grooves formed on 

4S a bottom thereof for receiving said pins. 

12. A reactor as claimed in any of claims 1 to 11 , where- 
in sard peripheral member is supported in a periph- 
eral recess in said pedestal. 

so 

13. A reactor as claimed in any of claims 7 to 12. further 
comprising at least one insulating member dis- 
posed between said peripheral member and sakJ 
pedestal. 

ss 

14. A reactor asclaimed inclaim 1 3, and further includ- 
ing at least two of -said insulating members having 
^aps formed between them and between a topmost 
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of Ihem and said peripheral member. 

1 5. A reactor as claimed in any of claims 7 to 1 4, where- 
in said peripheral member includes centering boss- 
es for centering said substrate on said pedestal. 

16. A reactor as claimed in any of claims 7 to 15, and 
further comprising an electrical connector between 
said peripheral member and said pedestal. 

1 7. A reactor as claimed in claim 1 6. wherein said elec* 
trical connector does not significantly support said 
peripheral member on said pedestal. 

18- A reactor as claimed in claim 16 or claim 17, further 
comprising a fastener detachably connecting a bot- 
tom of said electrical connector to said pedestal. 

19. A reactor as claimed in claim 18, wherein said fas- 
tener Is disposed in an axial groove in said pedestal 
so as to maintain a nominal perimeter outline of said 
pedestal. 

20. A method of forming two CVD layers on a substrate 
disposed in a reaction chamber, comprising the 
steps of: 

supporting a substrate on a pedestal within a 
peripheral ring disposed on an upper periphery 
of said pedestal and having reduced thermal 
conduction paths between said peripheral ring 
and said pedestal; 

jetting a first reaction gas toward said substrate 
from a perforated plate disposed in opposition 
to said substrate; 

exhausting said first reaction gas from a reac- 
tion space above said pedestal radially out- 
wardly over said substrate and over said pe- 
ripheral ring toward an annular pumping chan- 
nel; 

heating said pedestal to a first processing tem- 
perature to cause said first reaction gas to ther- 
mally react with a surface of said substrate to 
deposit a first film thereon; 
jetting a second reaction gas toward said sub- 
strate from said perforated plate; 
exhausting said second reaction gas from said 
reaction space radially outwardly over said sub- 
strate and over said peripheral ring toward said 
annular pumping channel; and 
discharging said second reaction gas in said re- 
action space into a plasma to react with said 
surface of said substrate to deposit a second 
film thereon; 

wherein at least one of said first and second 
films is conductive. 

21 . A method as claimed In claim 20, further comprising 



the step of centering said substrate on said pedestal 
with said peripheral ring. 

22. A method of CVD depositing a film, comprising the 
s steps of: 

depositing a film comprising titanium nitride on 
a substrate supported on a pedestal electrode 
within a reaction chamber in a process of chem- 
10 leal vapour deposition; and 

applying RF power toa counter electrode while 
said pedestal electrode is substantially RF 
grounded so as to form a plasma to treat said 
film. 

IS 

23. A method as claimed in claim 22, wherein said proc- 
ess is a themnal process. 

24. A method as claimed in claim 22 or claim 23, where- 
to in said applying step is performed while said reac- 
tion chamber is filled with a gas consisting essen- 
tially of argon. 

25. An Isolator ring usable in a plasma reaction cham- 
ps ber comprising an electrically insulating ceramic 

material and having a generally cylindrical shape 
about an axis with a first rim portion extending radi- 
ally outwardly and a second skirt portion extending 
axial ly downwardly with circumferential grooves 
30 forme don a radially outwardly facing surface at a 
bottom of said skirt portion. 

26. An isolator ring as claimed in claim 25, wherein said 
grooves have rounded corners at said outwardly 

35 facing surface. 

27. An isolator ring as claimed in claim 26. wherein said 
skirt portion has a radial thickness in a range of 5 
to 10mm, and said grooves have widths in a range 

40 of 1 2 2mm and depths in a range of 2.5 to 4.6mm. 

28. A set of channel liners comprising metals and in- 
cluding: 

45 a first annular liner shaped in a band and having 

a first major diameter; 

a second annular liner shaped in a band and 
having a second major diameter greater than 
said first major diameter; and 
50 a third annular liner having a radially extending 

portion extending between said first major di- 
ameter and said second major diameter and an 
axially extending portion connected thereto and 
having said second major diameter. 

55 

29. A set of channel liners as claimed in claim 28. 
wherein said first annular liner has rounded axial 
ends. 
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